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XLIV. On the apparent Alteration in Weight of a Wire 
placed East and West and traversed by an Electric Current. 
By Professor J.  W. MALLET~ F.R.S~ ~ 

T HE observations of Gilbert~ about the end of the sixteenth 
century~ that the earth behaves as a great magnet~ the 

beautiful theory of Amp6r% according to which all magneti- 
cally polar bodies may be viewed as owing their peculiar cha- 
racter to electric currents circulating round the particles~ 
equivalent in effect to circular currents surrounding the mass 
as a whole in planes at right angles to the magnetic axis~ and 
the facts observed by Ampere as to mutual attraction and re- 
pulsion of conductors conveying currents of electricity serv% 
as is well known~ to explainthe directive action exerted~ under 
all circumstances of relative position~ by the earth upon ordi- 
nary magnets~ and also upon movable conductors through 
which ordinary electric currents are passing. 

Thus a magnetized bar of' steel~ if freely suspended, sets 
itself (magnetic)north and south~ and may be considered as 
surrounded by circular electric currents which on the lower 
side of the bar are moving fl'om east to west. And~ in like 
manner~ a helix of wire~ when traversed by a current from a 
galvanic battery~ if left free to move, sets itself with its axis 
north and south ; and in such position~ if we adopt the usual 
definition for the direction of the battery-current~ this current 
is found to be from east to west on the lower side of the 
spiral, thus establishing parallelism with the assumed earth- 

Communicated by the Author. 
P]~il. Mag. S. 5. Vol. 4. No. 26. 5~ov. 1877. y 
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322 1)rof. J . W .  Mallet on the Weigt~t of  a Wire placed 

currents, which pass also from east to west on the upper sur- 
face of the earth beneath. 

In one respect, however,, the analogy between the earth 
and a large magnet seems at first sight to fail. I f  into the 
neighbourhood of an ordinary magnet we bring a second 
magnetic bab or instead of it a spiral wire traversed by an 
electric current, not only have we directive action, tending to 
render the axes of the bars (or of bar and helix) parallel, but 
there is also attraction, tending to bring%he two acting masses 
together, whence we might expect to find that a magnet, or 
spiral conductor conveying a current, would also be specially 
attracted by our earth after taking up the naturally assumed 
north and south position--or~ in other words, that the weight 
of such mass would, under these circumstances, seem ~o be 
increased. Conversely, if two magnetic bars be placed 
parallel to each other with similar poles adjacent, we have 
repulsion, the currents of Ampere on the nearer sides of the 
bars being in opposite directions ; and so we might look for 
repulsion by the earth, or an apparent decrease of weight, on 
the part of an ordinary magnet placed parallel to the earth's 
magnetic axis, but with reversed poles, or on the part of a 
helix of wire similarly placed but traversed by a current 
passing from west to east on the lower side of the spiral. :No 
such appearance of change of weight occurs. 

This, however, may be readily seen to arise from the neu- 
tralizing effect of the action on one side of the magnet or 
helix upon that exerted on the other, the difference of distance 
of the two from the earth as a whole being practically nothing. 
But if one side could be detached fi'om the other, and action 
upon the one alone observed, attraction and repulsion ought 
to be producible. In the case of a magnetic bar this cannot 
be accomplished, but with a helix it can, one portion of the 
wire being rendered movable in relation to the rest, while 
preserving continuity of the electric current. The helix may, 
of course, for simplicity's sake, be reduced, as in Amp~re's 
well-known experiments, to a single circle, and this to a 
square or rectangle the sides of which represent the vertical 
and horizontal components of the current. A straight hori- 
zontal wire, then, placed east and west and traversed by a 
current from east to west, should be attracted by the earth-- 
and if the direction of the current were reversed, should be 
repelled. 

This result was clearly foreseen by Faraday in the course 
of his early researches on electromagnetic rotation. At the 
close of his paper of October 1821 *, he says : ~ "  Theoretically, 

* Quarterly Journal of Selene% xii. 74. 
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East and West, traversed by an Electric Current. 323 

therefore,  a horizontal  wire  perpendicular  to the magne t ic  
meridian,  i f  connected first in one way  with a voltaic batte .ry, 
and then in the opposite way,  should have its weight  altered ; 
for in the one case it would tend to pass in a circle downwards 
and in the other upwards.  This al terat ion should take place 
differently in different parts  of the world. The effect is actu- 
ally produced by  the pole of  a m a g n e t ;  but  I have not  suc- 
ceeded in obtaining it, employ ing  only the polar i ty  of  the 
ear th ."  

I n  a subsequent  paper ,  of  J a n u a r y  1822 *, he examines  the 
point  experimental ly,  saying,  after a description t of  the mode 
in which he demonstra ted the lateral motion of a wire parallel 
to itself under  the influence of  the ear th 's  magne t i sm : - - "  Re-  
ver t ing  now to the expectat ion I entertained of  .altering the 
apparen t  weight  of  a wire, it was founded on the idea tha t  the 
wire, moving  towards the nor th  round ghe pole, mus t  rise, 
and,  moving  towards the south, mus t  descend ; inasmuch as a 
plane perpendicular  to the d ipping needle ascends and descends 
in these directions. In  order to ascertain the existence of 
this effect, I bent  a wire twice at r ight  angles, as in the first 
exper iment  described in this note, and fastened on to each 
ex t remi ty  a short  piece of  thin wire amalgamated ,  and made 
the connexion into the basins of me rcu ry  by  these thin wires. 
The ~:ire was then suspended, not, as before, f rom the ceiling, 
but  from a small and delicate lever, which would indicate any  
apparent  al teration in the weight  of the wire. The eonnexions 

* Quarterly Journal of Science, xii. 416. 
t " A  piece of copper wire, about '045 inch thick~ and 14 inches long, 

had an inch at each extremity bent at right angles, in the same direction, 
and the ends amalgamated; the wire was then suspended horizontally~ 
by a long silk thread from the ceiling. A basin of clean, pure mercury 
was placed under each extremity of the wire and raised until the ends 
just dipped into the metal. The mercury in both basins was covered 
by a stratum of diluted pure nitric acid, which~ dissolving any film, 
allowed free motion. Then, connecting the mercury in one basin with 
one pole of Hare's calorimotor, the moment the other pole was con- 
nected with the other basin~ the suspended wire moved laterally across 
the basins till it touched the sides: on breaking the connexion, the 
wire resumed its first position; on restoring it, the motion was again 
nroduced On chan~in~ the nosition of the wire~ the effect still took 
v~.~,l~oe., and the direction of the motion was always, the same rela.tlve 
to the wire~ or rather to the current passing through it~ being at rlght 
angles to it. Thus, when the wire was east and west, the east end to 
the zinc, the west end to the copper plate, the motion was towards the 
north ; when the connexions were reversed, the motion was towards 
the south. When the wire hung north and south, the north end to 
the zinc plat% the south end to the copper plat% the motion was to- 
wards the west ; when the connexions were reversed~ towards the east ; 
and the intermediate positions had their motions in intermediat¢ 
directions." 

Y 2  
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324 Prof. J. W. Mallet on the Weight of a Wire placed 

were then made with a voltaic instrument ; but I was sur- 

p rised to find that the wire seemed to become lighter in both 
irections~ though not so much when its motion was towards 

the south as towards the north. On further trial it was found 
to ascend on the contacts being made, whatever its position to 
the magnetic meridian ; and I soon ascertained that it did not 
depend on the earth's magnetism, nor on any local magnetic 
action of the conductors~ or surrounding bodies, on the wire. 
After some examination I discovered the cause of this unex- 
pected phenomenon. An amalgamated piece of the thin cop- 
pet" wire was dipped into clean mercury having a stratmn of 
water or dilute acid over it ; this~ however~ was not neeessary~ 
but it preserved the mercury clean and the wire cool. In this 
position the cohesive attraction of the mercury raised a little 
elevation of the metal round the wire of a certain magnitude~ 
which tended to depress the wire by adding to its weight. 
When the mercury and the wire were connected with the 
poles of the voltaic apparatus, this elevation visibly diminished 
in magnitude by an apparent alteration in the cohesive attrac- 
tion of the mercury, and a part of the force which before 
tended to depress the wire was thus removed. This alteration 
took place equally, whatever the direction in which the current 
was passing through the wire and the mercury ; and the effect 
ceased the moment the connexions were broken . . . . . . . .  
Whether the effect is an actual diminution of the attraction 
of the particles of the mercury~ or depends on some other 
eaus% remains as yet to be determined. But, in any case, its 
influence is so powerful that it must always be estimated in 
experiments made to determine the force and direction of an 
electromagnetic wire acted on by a magnetic pole, if the 
direction is otherwise than horizontal, and if they are observed 
in the way described in this note. Thus, at the magnetic 
equator, for instance, where the apparent alteration of weight 
in an electromagnetic wire may be expected to be greatest, 
the diminution of weight in its attempt to ascend would be 
increased by this efIbet, and the apparently increased gravity 
produced by its attempt to descend would be diminished or~ 
perhaps, entirely counteracted." 

The results of these experiments of Faraday upon the earth's 
action on a movable horizontal current have been transferred 
to all the text-books ; and, old as they now are, I know of no 
essential addition to them, though the mode of theoretically 
viewing the relation in question has varied a little in different 
hands. I~ appears that he did not succeed in directly demon- 
strafing the vertical component of the attraction or repulsion, 
due to the earth, in the shape of apparent change of weight 
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East and West~ traversed by an Electric Carre~t. 325 

of the wire, having in all cases observed vertical repulsion 
due to another cause than the earth's action--though he does 
seem to have obtained an indication of the result he sought in 
noticing that this repulsion was "not  so much" when the 
horizontal motion of the wire was towards the south as 
when it moved northwards. ~Nevertheless, that a horizontal 
wire should seem to become heavier when an electric current 
is sent through it from east to west, and lighter -when the 
current is from west to east, follows so directly from our 
whole theory of electro-magnetlc relations, that years ago, 
before I had read Faradays papers above quoted, I had noted 
down this point as one to be practically tested. I have lately 
made the experiment ~ and with a result fully in accordance 
with theory. 

A strip "of light dry poplar (Liriodendron), 3 metres long, 
25 millims, wide and 5 millims, thick ,was placed horizontally 
on edge, and served to support ten pieces of insulated (cotton- 
covered) copper wire, 1 millim, in dimneter, each piece a 
little longer than the strip, these wires being carefully 
stretched parallel to each other, five on each side the strip 
toward the lower edge, and attached to the wood by little 
cleats at the necessary intervals to prevent sagging. At each 
end the wires were bent out horizontally so as to leave spaces 
of about 20 milIims, between them, and were then bent down- 
wards at right angles and cut offso as to leave points like the 
teeth of a rake about 40 millims, long; these points were 
amalgamated. This system of wires was supported in a hori- 
zontal position from one arm of an excellent balance, slender 
cords attached at several points along the strip being assem- 
bled at a single ring, by which the whole was hooked on: and 
counterpoised. 

The total weight was about 505 grins., the balance being 
capable of bearing a kilogramme in each pan, while turning 
with a fraction of a milligramme. Two oblong blocks of hard 
wood wexe provided, each of which had sunk in the npper 
surface a row of ten holes, 18 millims, in diameter and 30 
millims, deep, at intervals of 20 millims, from centre to centre, 
to serve as so many independent mercury-cups in which the 
ends of the long wires should dip ; a like number of small 
holes bored obliquely, and communicating with the larger ones 
at bottom, served to introduce the ends of the battery-wires. 
These battery-wires were also insulated, ten in number, and 
9 metres each in length, one of them being afterwards cut in 
two in the middle. They were stretched parallel to each 
other and near together on a light wooden frame forming 
three sides of a horizontal square, of which the movable system 
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326 Prof. J. W. ~Iallet on the Weight of a Wire placed 

of wires formed the fourth side ; these sides were laid down 
on the floor north and south, east and west, respectively, by 
compass. In the course of the experiments the frame was 
shifted round so as to make the movable wires occupy in 
succession the position of each of the four sides. The gal- 
vanic battery (Grove's) was placed in an adjoining room ; and 
its polar wires communicated with those of the frame by two 
single mercury-cups. Ten cylindrical cells were used, in each 
of which the ~mmersed platinum surfitce was about 140 square 
centimetres for each side of the sheet. The current came in 
at the middle of the side of the square opposite to the sus- 
pended wires, passed round to the first of the series of mercury- 
cups by one of the half-length wires, thence along the first of 
the ten suspended wires, back around three sides of the square 
to the second mercury-cup, thence over the second suspended 
wire, and so on, until it returned to the battery by the second 
half-length wire, leaving the frame close to the point at which 
it came in. The whole arrangement of wires was~ in fact~ a 
spiral coil of ten turns, distorted into a square, laid down in ~ 
horizontal plane, and having one of its four sides free to 
move up and down vertically while maintaining the current 
unbroken. 

With this apparatus it was found that~ when the movable 
wires were made to run east and west, whether on the northern 
or southern side of the squar% the side of the balance to which 
they were attached sensibly preponderated if the current (as 
nsually defined) was passed fl'om east to west, and the oppo- 
site side went down if the current was sent from west to east. 
The motion was not simply a momentary impn]se, but the 
disturbance of equilibrium was permanent while the current 
was maintained. The amount of motion was decidedly greater 
in the direction of repulsionj or apparent loss of weight, than 
in the opposite case. In both cases the amplitude of swing 
of the balance-index was very small, for the obvious reason 
that a very little rise or fall of the system of wires introduced 
a serious difference of weight in the shape of disturbed buoy- 
ancy of the copper depressed into or lifted out of the mercury. 
The attempt was made fo ascertain what weight would bring 
back the balance-index to zero after each disturbance ; but the 
measurements were not very satisfactory, in consequence of 
the clogging of motion by the immersion of the ends of amal- 
gamated copper wire in mercury and the ease with which 
mercury was taken up or lost in varying amount on their 
surfaces. The average of the best determinations obtained 
when the galvanic battery was in full activity was about 
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_East and West~ traversed by an Electric Current. 327 

• 42 grin. for the equivalent of attractive action or apparent 
increase of weight, and "56 grin. for that of repulsion or ap- 
parent loss of weight. Of course such measurements, even if 
more accurately made, would apply only to the special condi- 
tions of the experiment as arranged. 

When the movable system of wires was placed north and 
south, whether on the east or west side of the square, and 
whether the current was passed from north to south or the 
reverse, there was slight repulsion or apparent loss of weight. 
In all positions alight lateral swings of the movable wires~ in 
all cases in the direction first described by Faraday, were 
easily observed. 

It is proper to notice any conditions of the above experi- 
ments which might give rise to misinterpretation of the 
observed results : - -  

1. If  the movable wires were heated by the passage of the 
electric current there would, of course, be a tendency to appa- 
rent loss of weight by the production of an ascending gaseous 
current in the surrounding air. This could, however, in no 
case produce the opposite result; and in point of fact there 
was no sensible heating of the wire. 

2. The mutual action during the passage of the current 
between the mercury and the ends of copper wire immersed 
in it (which Faraday seems to have been inclined to explain by 
changed cohesive or adhesive relations, and which Ampere 
proposed to view as evidencing the repulsion of one section of 
a rectilinear current by another forming its prolongation), 
acting as it did in the same way at both ends of the movable 
wires, caused repulsion or apparent loss of weight, thus in- 
creasing the effect observed in this direction ; but this cans% 
again, could never produce the opposite effect. 

3. According to the laws of Ampere there was obviously a 
repulsive action of the wires of all three fixed sides of the 
square upon the movable system ; and this repulsion involved 
a small upward vertical component, since the movable wires 
were suspended at a level a little above the plane in which the 
other three sides of the square lay. The amount of this ten- 
dency to increase of apparent loss of weight must have been 
very small; and, as before, no explanation of the opposite gain 
of weight can thence be derived. 

4. The only suggestion of possible fallacy as to the apparent 
gain of weight seems to come from the following consideration. 
If  the lateral motion of the wire parallel to itself which Faraday 
first described be viewed as showing simply a tendency to 
motion in a horizontal plane~ the point of suspension of the 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

B
ar

ba
ra

] 
at

 1
4:

48
 2

1 
Ju

ne
 2

01
6 



328 Prof'. J. W. Mallet on the }JleTyht of a Wire placed 

movable wire or wires being fixed so far as horizontal motion 
is concerned, there would be a lateral swlny of the turned- 
down ends tending to lift them partially out of the mercury ; 
and to the extent that~ by such lifting, copper in mercury 
was exchanged for copper in air, there would of course be 
increase of effective weight brought to bear upon the balance. 
But measuring the lengths of the balance-index~ arm of the 
beam, and vertical distance from suspending-ring to surface 
of mercury in which the wires dipped showed~ on very,simple 
calculation, that the amount of vertical motion observed would 
require, to be thus accounted for~ not only a far greater am- 
plitude of horizontal swing than was actually seen to oeeur~ 
but much greater than could possibly occur without being 
arrested by the wires striking the sides of the mercury- 
cups. 

Thus it appears that in all positions of the suspended wires 
there was a tendency to upward me,ion when the current 
passed ; and when the current was from east to west, and the 
reverse, the apparent gain and loss of weight represented the 
~um and difference respectively of this tendency with the true 
vertical component of the earth's action. 

It behoves every one who follows in the footsteps of 
Faraday~ and obtains an experimental result in any way diffe- 
rent from his, to note carefully in what respect such difference 
may be due to ~'ariation of the conditions observed. ]n this 
case, beside the experiment having been made at another part, 
of the earth's surfac% and with some difference of intensity of 
the earth's magnetism, the main points in which the experi- 
ment was varied were these : - -  

1. The substitution of several wires for a single one. This, 
however, is not essential~ as the result was verified afterwards 
with but one wire. 

2. The usa of a stronger galvanic current. That employed 
by Faraday was derived from a single pair of plates of copper 
and zinc, of the arrangement proposed by Dr. Hare under 
the name calorimeter ; the size of the plates is not given~ or 
the strength of the acid used; but it is stated that the current 
"would barely warm two inches of any-sized wire." One 
would hardly suppose the external resistance suflleient to 
make employment of several pairs of plates important ; yet 
in a repetition of the experiment with a single wire and a 
Smee's battery of six cells, I found that the effect obtained 
was distinct with the cells arranged in series~ and unobserv- 
able when they were coupled so as to tbrm but a single 
pair of plates. 

3. The main reason~ however~ that Faraday did not obtain 
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Et~st and West~ t~'aversed bj an Electr'c Car rent. 329 

tlle result expected and sought for is~ I believe, to be found 
in the relative lengths of the horizontal and vertical portions 
of the movable wire he employed. He does not state these 
lengths directly for the experiment in which the wire was 
suspended to a lever-arm, but says, " I  bent a wire twice 
at right angles, as in the first experiment described in this 
note, and fastened on to each extremity a short piece of thin 
wire amalgamated ;" and from the description of this first 
experiment it appears that "a  piece of wire ...... fourteen inches 
long, had an inch at each extremity bent at right angles;" 
so that probably, with the pieces of finer wire attached, the 
turned-down ends may have been each a couple of inches 
long, while the horizontal portion was only twelve inches, 
thus making the ratio of the vertical portion of the movable 
current to the horizontal perhaps ----1:3, while in my appa- 
ratus this ratio, measuring the turned-down ends of wire to 
the surface of the mercury, = about 1 : 40. In a subse(~uent 
experiment to examine the nature of the action which he had 
noticed between the copper wire and the mercury, Faraday 
seems to have relatively shortened the horizontal portion of 
the wire, making it only two inches long; and he then ob- 
tained much increased rise of the wire on establishing the 
current. 

It was apparently the opposite step~ viz. reIatively increasb~g 
the length of the horizontal wire that was needed to so reduce 
the disturbing influence as to enable the effect of the earth's 
magnetism, as originally sought, to be observed*. 

There is, of course, nothing new in principle in the experi- 
n3ents above described, the results tbllowing directly f}om 
what are admitted on all hands as the laws of electro-magnetic 
action ; but it is always interesting to verify for the first time 
by direct observation any consequence of such well-established 
laws, and I have been unable to find any record of other 
work on this particular point except the incomplete, and in 
a sense unsuccessful~ experiments of Faraday which have 
been quoted. 

University of Virginia~ 
September 6, 1877. 

* I have, found that, making, the. turned-down end~ quite short~ the 
ext~e14ment may be made to give fmrly observable reeults with a single 
wire not more than a metre in length. 
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